MARAIS DES CYGNES RIVER BASIN TOTAL MAXIMUM DAILY LOAD

Waterbody: Cedar Creek Lake (Cedar Valley Lake)
Water Quality Impairment: Eutrophication & Siltation

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbasin Upper Marais Des Cygse Counties: Anderson
HUC 8: 10290101 HUC 10 (12):05 (06, 07
Ecoregion: Centrallrregular Plains, Osage Cuestas (40b)

Drainage Area: 64.8square miles

Conservation Pool: Surface Area 306acres
Watershed/Lake Ratiol36:1
Maximum Depth =9.9metkers
Mean Depth 3.4 meters
Storage Volume 4,456acrefeet
EstimatedRetention Time $.12years
Mean Annual Inflow =25,266acrefeet
Mean Annual Discharge 31,089acrefeet
Constructed: 1983

Designated Uses: Primary Contact Recreat Class A; Expected Aquatic Lifsupport;
Domestic Water Supplyood Proarement;industrial Water Supply;
Irrigation Use; Livestock Watering Use

303(d) Listings: 2002,2004, 2008, 2018 2012 Marais Des CygneRiver Basin Lakes
Impaired Use: All usesin CedarCreekLakeare impaired to a degree by eutrophication

Water Quality Criteria: Nutrients- Narrative: The introdu@n of plant nutrients intstreams,
lakes, or wetlands from artificial smes shall be controlled fwevent the acceleratsdccession
or replacerant of aquatic biota or th@oduction of undesirable quantities or kirdsiquatic life
(KAR 28-16-28e(c)(2)(A)).

The introduction of plant nutrients into surface waters designated for domestic water supply use
shall be controlledo prevent interference with the production of drinking water (K.A.R1L@8
28e(c)(3)(A)).

The introduction of plant nutrients intorface waters designated forimary or secondary
contact recreationaise shall be controlled frevent the developmeaot objectionable
concentrations of algae or alghly-products or nuisance growths of sulvseel, floating, or
emergentquatic vegetation (KAR 286-28e(c)(7)(A)).



Suspended SolidsNarrative: Suspended solids added to surface waters by artificial sources
shall not interfere with the behavior, reproduction, physical habitat or other factors related to the
survival and propagation of aquatic or seaguatic or terrestrial wildlife (K.A.R. 286-

28e(c)(2)(B)).

2. CURRENT WATER QUALITY CONDITION AND DESIRED END POINT
Level of Eutrophication: Very Eutrophi¢ Trophic State Index 62.0

The Trophic State Index (TSI) is derived from tidorophylla concentration.Trophic state
assessments of potential algal productivity were made basgdayophylla, nutriert levels,

and values of the Carlson Trophic State Index (TSI). Generallye degree of eutrophic
conditionis seen witlchlorophylla over 12ug/L and hypereutrophy occurs at levels over 30
Hg/L. The Carlson TSI derives from thilorophylla concentréions and scales the trophic state
as follows:

1. Oligotrophic TSI < 40

2. Mesotrophic TSI: 4049.99

3. Slightly Eutrophic TSI: 5054.99
4. Fully Eutrophic TSI: 5559.99
5. Very Eutrophic TSI: 6063.99

6. Hypereutrophic TSI> 64

Level of Siltation Impairment: Cedar Creek Lake has high inorganic turbidity and high levels
of siltation. Sedimentoadsoriginating in the Cedar Creek headwatams accumulating in

Cedar Creek Lake, particulaiity the southern endhereby reducing the capacitytbg lake. In
addition, siltation is aggravated during large runoff events in the watershed.

Lake Chemistry Monitoring Site and Period of Record Used KDHE Station LM®0701in
CedarCreekLake (Figure 1) Period of Record Six surveys conducted by KHE in calendar
years: 1993, 1998, 2002, 2006, 2009 and 2012.

Flow Gages and Period of Record UsedUSGS Gage 06914000, Pottawatomie Creek near
Garnett. Period of Record: 1/1/I®®rough 9/30/2001. USGS Gage 06914100, Pottawatomie
Creek near ScipioPeriod of Reca: 0/1/2001 through 12/31/2012



Figure 1. CedarCreekLakeWatershed

102901010503
Garnett

LM040701

102901010508 4
10290‘010501 A

gy

102901610502
102901010601

102901010506

110702040301

Legend

5 Cedar Creek Lake

m Cedar Creek Lake Watershed
ANDERSON CO. ol 3 kot

I A Lake Monitoring Site

110702040306 lo Colony A CAFO

110702040205

© NPDES Permit

w “‘7 E c—— 9 =+ Railroad
R 7

3 110702040303 US Hwy
‘ Local Roads TIGER 2010

0 05 1 2 3 4 5 @ Populated Place
Miles

Hydrological Conditions: Cedar CreelaboveCedar Creekakeis the only registered stream
directly feedingCedar Creek ake withanestimatecaveragdlow of 31.1 cfsaccording to Perry

et al., 2004 (Table 1Flow was estimated using the ratio (0.134) of the watershed size of Cedar
Creek upstream from Cedar Creek Lake (44.83 tithe size of the watershed at USGS Gage



06914000 on Pottawatomie Creméar Garnett (33thi?) for the time period of January 1, 1990
through September 30, 2001. The same technique was applied to the time period Qctober 1
2001 through December 31, 20d2ng the ratio (0.131) of the watershed size of Cedar Creek to

the sizeof the watershed USGS Gage 06914100 on Pottawatomie Creek near Scipio’}343

Using the watershed ratio technique resulted in an estimated average inflow to Cedar Creek Lake
of 33.8cfs, or24,438acrefeet, for the 1990 through 2R1ime period (Figue 2). According to

the USGS Lake Hydro data, the mean runoff in the watershed is 9.10 inches/year; the mean
precipitation in the watershed is 37.0 inches/year and the mean loss due to evaporation in the
lake is 48.7 inches/year.

Table 1. Estimated flowdurationvalues forCedar CreelaboveCedar Creekakefrom Perry et
al., 2004 and using the watershed ratio appro&btbw values are in units of cubfeet per
second.

Stream CUSEGA | Average | 2-year | g4, | 7504 | 5005 | 250 | 10%
Segment Flow Peak
Cedar @eek | 1459010166 31.1 | 3078 | 0.0 | 0.0 | 2.15| 10.3| 36.5
(Perry)
Cedar Creek e
(Watorahed Ratio) 1029010166 33.8 0.028 | 024 | 261 | 131 | 55.4

**Data not available

Figure 2. Annual inflow to Cedar Creek Lake in adeet. Inflows were calcated using the
watershed ratios.
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Current Condition s: CedarCreekLakehaschlorophylla concentrations averagir8$.2ug/L,
with a corresponding Trophic State Index (TSI) valuéaf for the period of record
Chlorophylla concentrations were meaedrin samples taken during the sumnw#r993,
1998, 2002, 2006009and 2012 Figure3). Although the 2002 average of 1Qu§/L narrowly
missed meeting th&0 pg/L target the yearlyaveragechlorophylla concentratiorexceeded the
water qualitytargetof 10 ug/L in all sampling yearwith the exception of thérst recorded
measurement ih993 of 8.2ug/L. The dlorophylla concentration rosdramaticallyto 98.1
ug/L in 2009 andalthough the concentration dropped considerably to 4@/l9n 2012 the lake
has been in a very eutrophic or hypereutrophic siate 2006.

Figure 3. Chlorophylla concentrationsn CedarCree&k Lake by sampling date.
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Total suspended soli¥SS)in Cedar Creek Lake rangém 9.5 mg/L in 1998 to 24.5 mg/L

in 1993 resulting in an average TSS concentration of 15.0 mg/L for the period of record (Figure
4). Average turbidity for the period oécord is 22.7 NTU with values ranging frah86 NTU

in 2012 to 54.0NTU in 1993(Figure 4).

Figure 5 displays the Secchi depth readings taken in Cedar Creek Lake. The shallowest reading
occurred in September of 1993 at 0.20 meters while the deepéstgaevas taken in August
2009 at 0.88 meters. Average Secchi depth, for the period of record, is 0.61 meters.



Figure 4. TSS andurbidity values in Cedar Creek Lake.
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Figure 5. Secchidepthin CedarCreekLakefor the period of record.
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Average total phosphorus concentration in Cedar Creek Lake iggfD4for the period of
record, ranging from 58g/L in 1998 to 1591g/L in 2002 (Figure 6).Total Nitrogen
concentrations ranged from 0.240 mg/L in 1998 to 1.89 mg/L in.1988&l nirogen
concentrations average 1.8@)/L for the period of record (TabR).

Figure 6. Average Total Phosphorus and Total Nitrogen concentration by sampling date.
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The ratio of total nitrogen and total phosphorus has been used to determine which of these
nutrients is most likely limiting plant growth in Kansas aquatisgstems. Generally, lakes that

are nitrogen limited have water column TN:TP ratios < 8 (mass); lakes thatlaréted by

nitrogen and phosphorus have water column TN:TP ratios between 9 and 21; and lakes that are
phosphorus limited have water column:TR ratios > 29 (Dzialowski et al., 2005The TN: TP

ratio in CedarCreekLakeindicates the lakevas nitrogen limited in 1998 and 2002 but has been
co-limited by phosphorus and nitrogeimce 2006.There were no ratios above 29, hence,
phosphorus alondoes not appear to be limiting plant growth in Cedar Creek Lake (Figure 7).



Figure 7. TN:TP ratio for period of recorth CedarCreekLake
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Table 2. Annual water quality averages for the years Cedar Creek Lake was sampled by KDHE.
Annual precipitation totals are from NOAA station at Garnett, KS (GHCND: USC00143008).
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JuneOctober 2009 precipitation is from the NOAA station at Centerville, KS (GHCND:
USC00141404) as this data was not available at the Garnett station.

vear | Ch-a | TN P | TN:TP gi%‘i;“ Turbidity | TSS ﬁ,?g;g'

(ng/L) | (mg/L) | (mg/L) ratio (m) (NTU) (mg/L) (inches)
1993 | 82 | 1.89 | 0118 | 160 | 0.20 54.0 245 50.0
1998 | 34.2 | 0.240 | 0.058 | 4.17 | 0.64 8.50 9.50 59.8
2002 | 103 | 0937 | 0.159 | 591 | 0.30 32.0 7.50 33.7
2006 | 195 | 1.11 | 0067 | 165 | 0.80 11.0 135 270
2009 | 98.1 | 1.27 | 0.091 | 139 | 0.88 * 14.0 46.0
2012 | 409 | 1.23 | 0089 | 148 | 0.83 7.86 185 275
Average| 352 | 1.35 | 0.104 | 13.0 | 061 22.7 15.0 40.7

*Data not available

Table 3lists the six metrics measuring the roles of light amdrients in CedaCreek Lake.

Non-algal turbidity (NAT) values <0.4thindicates there are very low levels of suspended silt
and/or clay. The values between 0.4 and T.@mdicate inorganic turbidity assumes greater
influence on water clarity but wouldot assume a significant limiting role until values exceed

1.0m?.




Table 3. CedarCreekLakelimiting factor metrics.

. I Eartitiorjng .Of Availl_eil%ri}itty in Shading in
. Non-algal ng_ht Avall_ablllty Light Extinction Algal use of the Mixed Water Column

Sampling Turbidity in tfae Mixed betvl:/leen /IAIgIae & PhSosphlorus Layer for a dudelto Algae Chl-a
Year e Turbidity | ovensurtace | Trngy | (wgiL)

NAT ZMix*NAT | Chl-a*SD | Chl-a/TP | Zmix/SD | Shading
1993 4.70 16.1 1.64 0.0550 17.2 11.7 8.20
1998 0.822 2.82 21.9 0.595 5.36 7.57 34.2
2002 2.99 10.3 3.09 0.0650 11.4 9.03 10.3
2006 0.744 2.55 15.6 0.291 4.29 6.13 19.5
2009 0 0 86.3 1.08 3.90 10.5 98.1
2012 0.362 1.24 33.9 0.646 4.13 7.27 40.9

The depth of the mixed layer inaters (Z) multiplied by the NAT value assesses light
availability in the mixed layer. There is abundant light within the mixed layer of the lake and
potentially a high response by algae to nutrient inputs when this value is less than 3. Values
greater thn 6 would indicate the opposite.

Thepatrtitioningof light extinction betweealgae andhortalgal turbidity is expressed as €hl
a*SD (Chlorophylla* Secchi Depth). Inorganic turbidity is not responsible for light extinction
in the water column and thers a strong algal response to changes in nutrient levels when this
value is greater than 16. Values less than 6 indicate that inorganic turbidity is primarily
responsible for light extinction in the water column and there is a weak algal responsegscha
in nutrient levels.

Values of algal use of phosphorus supply (€AIP) that are greater th@rd indicate a strong
algal response to changes in phosphorus levels, where values less than 0.13 indicate a limited
response by algae to phosphorus.

Thelight availability in the mixed layer for a given surface light is represented as Zmix/SD.
Values less than 3 indicate that light availability is high in the mixed zone and there is a high
probability of strong algal responses to changes in nutriersleve

Shading values less than 16 indicate thats®diding of algae does not significantly impede
productivity. This metric is most applicable to lakes with maximum depths of less than 5 meters
(Carney, 2004).

Theabove metrics indicate thetorganc turbidity in CedarCreekLakewasresponsible for
diminished light availability in the mixed layer in 1993 and 2068dsing algae to ksow to

respond to phosphorus inpaiisdleading tothelow chlorophylla concentrations of 8.20g/L in
1993 and 10.8g/L in 2002. In 1998, 2009, and 2012 there were moderately lovslefe
inorganic turbidity in Cedar Creek Lake allowing for abundant light in the mixed layer and a
strong response to phosphorus inputs by algae in the lake ast@addiy chlorophyla
concentrations greater than 3@/L for all three years. In 2006, inorganic turbidity was low
enough to allow abundant light into the mixed layer; however, the phosphorus supply was not
utilized by the algae in the lake to the saragrde as it was in 1998, 2009 and 2012 resulting in



a lower chlorophylh concentration of 19.hg/L. For the period of recordel§ shading of algae
does not appear to be impeding productivity in the lake.

Another method for evaluating limiting factassthe TSI deviation metrics. Figure

(Multivariate Deviation Graph) summarizes the current trophic conditioGsddrCreekLake

using a multivariate TSI comparison chart for the period of record. Where T&l(@hgjreater

than TSI(TP), the situativindicates phosphorus is limiting chlorophgjiwhereas negative

values indicate turbidity limitshlorophylla. Where TSI(Chla)TSI(SD) is plotted on the
horizontal axis, if the Secchi depth (SD) trophic index is less than the chlorapiophic

index, then there is dominant zooplankton grazing. Transparency would be dominated by non
algal factors such as color or turbidity if the Secchi depth index were more than the chlaophyll
index. Points near the diagonal line occur in turbid situatiorsevybhosphorus is bound to clay
particles and therefore turbidity values are closely associatlegphosphorus concentrations.

The multivariate TSI comparison chart in Fig@rdisplaysthat there werdigh levels ohon

algal turbidityin Cedar Creekake in 1993 and 200&hile the proximity of the1998, 2006,

2009 and 201points to the digonal lineis indicative of phosphorus boundtte clay particles

in the water column The lake was moderately turbid in 2006 with some zooplankton grazing
occuring in 2012

Figure 8. Multivariate TSI comparison chart f@edarCreekLake
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The Carlson Trophic State Indéx chlorophyllain CedarCreekLakeshown in Figuré®
reveak thelake has moved from a slightly eutrophic state in 2002 to a hypereutstptedn

1C



2009 TheSecchi depth inekk, howeverhas improved to gery eutrophicstate over the period
of record while the total phosphorus index reflects a hypereutrophic state in all years except
1998.

Figure 9. CedarCreekLake Trophic State Indies.
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A comparison of thenediantrophic conditions in Ced&reekLake tothe benchmarks
established for lakes in Kans&wveals they do not meet any of the benchmarr&blé4). The
statewide benchmarks and benchmarks for Kansas lakes in the aeegnalbar plains region
were derived from analysis of trophic conditions in the lakes and reserv&iangagDodds et
al., 2006). RTAG benchmarks were established by the USERfon 7Regional Technical
Assistance Group (RTAG) and are for lakes as@émepirs in Kansas, lowa, Missouri and
Nebraskaxcluding the Sand Hills ecoregiod$EPA, 2011).

Table 4. Median trophic indicator valuder CedarCreekLakein comparison withHederal lakes
in Kansas, lakes located in the central irregular plainsegaor,draft nutrient benchmarks in
Kansas and nutrient reference conditions for lakes in USEPA Region 7.

. . CedarCreek | Federal | Central Irregular| Statewide
Trophic Indicator Lake Lakes Plains Lakes | Benchmark RTAG
Secchi Depth (cm) 61 95 130 129 N/A
TN (ng/l) 1,345 903 362 625 700
TP (ug/l) 104 76 20 23 35
Chlorophylla (ug/l) 35 12 8 8 8
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Algal Communities: As seen in Tablg, algal communities i€edarCreekLakehave been

dominated by blugreen algae, or cyanobactesace 2006 An increasing sygy of nutrients,
especially phosphorus and possibly nitrogen, will often result in higher growth efigdee

algae because they possess certain adaptations that enable them to out compete true algae (Soil
and Water Conservation Society of Metro HalifaRQ7). Several of the cyanobacteria species
possess gas vacuoles that allow them to move within the water column vertically. This selective
advantage allows for some species to move within the water column to avoid predation and reach
optimal primary poductivity. Their movement within the water column may influence

chlorophylla levels within the lake at various depths during the diel cycle.

Table 5. Algal communities observed @edarCreekLakein 1993, 1998, 2002, 2002009 and
2012.

Sampling Total Cell Percent Composition
Date c((azllcyrr:]tL Green| Blue Green| Diatom | Other Chlapgil
1993 3,150 24 0 0 76 8.2
1998 37,832 17 25 54 4 34.2
2002 1,292 41 0 8 51 10.3
2006 28,098 14 78 6 <2 19.5
2009 167,426 4 89 5 2 98.1
2012 100,737 7 88 3 <2 40.9

Relationships: Within CedarCreekLakethere ae strongrelationships betweeturbidity and
nonalgal turbidity (NAT); turbidity and Secchi depth; turbidity and chlorophytnd total
suspended solids (TSS) and total nitrogen ([Mgure 10) Thereare moderateelationshis
between turbidity and total phosphorus (TP); turbidity and TN; TN and spring precipitation;
turbidity and spring precipitation; chlorophgland spring precipitation and Secchi depth and
TP. Two of theelationships Secchi depth and NAT and chlorophgthnd NATarerelaed to
one another while theoderately strong relationships of Seadépth and chlorophyd and TSS
and spring precipitation are the inverse of what one would expect to see. The remaining
relationships are weak or n@xistent in Cedar Creek Lake.
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Figure 10. Relationshig of water quality parameters in Cedar Creek Lake with associated
coefficient of determination (Rralues)for years the lake was sampled.
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Bathymetric Survey: A bathymetric and skment survey performed by Kansas Biological
Survey in 209 revealed high percentages of silt and clay in the sedim&eadrCreekLake
Silt and clay make up0% and40% of the sediment, respectivein, the southern portion of the
lake. Near the ceer of the lake the sediment is 32% silt and 68% wlaye nearer the dam the
sediment is made up 6% silt and54% clay. Sediment and nutrient loads appealetaove

from Cedar Creeland from thedrainage channetsn the east side of the lake the ke is
shallowerherethanalongthe west edge of the lakEigure 11).
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Figure 11. Water depth irCedarCreekLakebased omNovember 6, 2009 bathymetric survey
Depths are based @npool elevation 0969.26feet (KBS, 2010).
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Stream Data: No water quality data was available f6edarCreek (CUSEGA 102010166.
Desired Endpoints of Water Quality (Implied Load Capacity) inCedar Creek Lake:

The ultimate endpoint for this TMDL will be to achieve the Kansas Water Quality Standards
fully supporting the designated uses in Cedar Creek Lake by eliminating impacts associated with
excessive siltation and excessive eutrophicatioorder to improve the trophic condition of
CedarCreekLake from its currentVery Eutrophicstatusthe desirec&ndpoint will be to

maintain summer chlorophydl average concentrations belowdd@/L, corresponding to a
Carlson Trophic State Index of 53with the reductions focused on nutrie(EI&N and TP)
entering the lake. Reduction in nutrient loading will address the accelerated succession of
aguatic biota and the development of objectibmabncentrations of algae and algae by
products as determined by the chloroplydloncentration in the lakeA chlorophylla endpoint

of 10 ng/L will also ensure longerm protection to fully support Primary Contact Recreation
within the lake.

In orde to improve the quality of the water columrdathe siltation impairment, &B8%
reductionof thein-lake total suspended solidsncentratiorfrom 15.0 mg/Lto 12.3 mg/L has
been establishe@ppendix C) Reductions in sediment loading from the watedshél achieve
the 12.3 mg/LTSS targethereby improvingheaveragdransparency of the lake tee endpoint
of 0.9 meters, as measured by the Secchi disk depth within the main basin of the lake.

Based on the BATHTUB reseir eutrophication modeppendixA), thetotal phosphorus
entering the lake must be reducedd®o andthetotal nitrogerentering the lake must be
reduced bys9%. These reductions at the inflow@@darCreekLakewill result in a71%
reduction oftotal phosphorysa 65% reductiom of total nitrogen and a72% reduction of
Chlorophylla within the lake(Table6).

Achievement of the endpomindicatedoads are within the loading capacity of the lake, the
water quality standards are attained, and full support of the desigsatedfithe lake has been
achieved. Seasonal variation has been incorporated in this TMDL since the peaks of algal
growth occur in the summer months. The current average conditiQeéarCreekLake

utilized in the model input was based WDHE dataat LM040701, for the period of record
Water quality data for th€edar Creelkributary wasestimated by adjusting tributary nutrient
inputs in the BATHTUB model until the current condition in the lake was generated upon
running the model
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Table 6. CedarCreekLake Current average condition and TMDL.

Current Avg. Percent
Condition TMbL Reduction
Total Phosphorus Annual Load 20,673 4161 80%
(Ibs/year)
- ”
Total Phosphorus Daily Load 112 22 4 80%
(Ibs/day)
Total Phosphorusk Lake Concentratio 104 30.2 71%
_ (ng/L)
Total Nitrogeni Annual Load 121,256 38,031 69%
(Ibs/year)
. - ™
Total Nitrogeni Daily Load 336 262 69%
(Ibs/day)
Total Nitrogeni Lake Concentration 1.345 0.477 65%
(mg/L)
Chlorophylla Concentration 35.2 10 72%
(noL)
Total Supended Solids Annual Load 75713 6,2085 18%
(tons/year)
Total Suspended SolidsDaily Load* 46.01 37.73 18%
(tons/day)
Total Suspended Solids Concentratio 15.0 12.3 18%
(mg/L)
Secc(m)Depth 0.6 0.9 50% Increase

*See AppendixB for Daily Load Galculations

3. SOURCE INVENTORY AND ASSESSMENT

Point Sources: Thereare twoNPDESpermittedfacilities in the CedaCreekLake watershed.

Oneis a discharging lagoon systeperated by the Welda Sewer District while the second is a
de-watering/stormwatepit operated by a limestone quarrying and crushing operation that would

only contribute a waste load under extreme precipitation or flooding events {)able

Table 7. Discharge permits in th€éedarCreekLakewatershed.

Permittee NPDES Permit# | StatePermit # Type Expiration Date
V\(elqla Sewer KS0096946 M-MC53-0001 | 3 Cell Lagoon 12/31/2014
District No. 1

Whitaker KS0116025 | I-MC53PO0L | DeWateringl | 4565014

Companies Stormwater

Land Use: The predominant land uses in @edarCreekLakewatershedare grassland
(63.1%) andcultivated crop£26.0%), according tahe2001 National Land Cover Data.
Together they account f89.1% of the toal land area in the watershed with theaining land
area compsel of developed lan{4.5%), forest @.3%), openwater (L.3%) and wetlands

(0.68%) (Figurel2).
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Figure 12. Land use in th€edarCreekLakewatershed.
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Livestock WasteManagement Systems Thereis oneactive,certified cotiined animal feeding
operation (CAFQin theCedarCreekLakewatershedvith an inventory of 500 head of cattle
(Permit: AMCAN-BAO04). It is likely, however, that there are other unregistered livestock
feeding operations in the watershéithe 2007 Census of Agricultumeported a cattle inventory
of 34,900 head idnderson Courntwith no other animal totals reported.

On-Site Waste SystemsThe CedarCreekLakewatershed is a rural agricultural ateat lies

in Anderson Countylt can be assumed that all of the rural residences in the watershed are not
conneted to public seer systemsind according tdSpreadsheet Tool for Esating Pollutant

Load (STEPL)there are a total of 203 septic systems in the watershed with a 0.93% failure rate.
Failing onsite septic systentsave the potential to contribui@ nutient loading n the

watershed.

Population: According to the 2010.S. Census, thgopulation of theCedarCreekLake
watershedvas 332 peoplgiving a population density afbout5 people per square milén
Anderson Countyhte 2010 U.S. Censusporteda populaton of 8,102 peoplea-0.1% derease
from the 2000 U.S. Census.
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Contributing Runoff: The watershed dfedarCreekLakehas dow mean soil permeability

value 0f0.30inches/hourPermeability ranges fro@01 inches/hour t@.29inches/hour

according tdNRCS STATSGO databaséth over 50% of the watershetavinga permeability
value less than 0.57 inches/hour, which contributes to runoff during extremely low rainfall
intensity events26% of theCedarCreekLakewatershed has a permeability value of 1.29
inches/hourgenerating runoff during very low to low rainfall intensities (Figus According

to a USGS opefile report (dracek, 2000), the threshold spi#rmeability values are set at 3.43
inches/hour for very high, 2.86 inches/hour for high, 2n28es/hour for moderate, 1.71
inches/hour for low, 1.14 inches/hour for very low, and 0.57 inches/hour for extremely lew soil
permeability. Runoff is primarily generated as infiltration excess with rainfall intensities greater
than soil permeability. &ithe va t e r ssdil erdfilesbecome saturated, excess overland flow
is produced.

Figure 13. Soil permeability in th&€€edarCreekLake watershed.
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Background and Natural Sources: Undissolvechutrients bound to suspended solids in the
inflow to CedarCreekLake are potentially significant sources of nutrients that may endure in the
sediment layer until they are removed by dredging. These internal nutrient loads can undergo
remineralization and resuspension and may be a continuing source oftautri€edacCreek

Lake. In addition, geological formations (i.e. soil and bedrock) may also contribute to nutrient
loads and, with eciduous forest making wgbout 5% oftie land cover in the watershée&f

litter and wastes derived from natural wildlifethe area are also likely tald to the nutrierdnd
suspended solideadin CedarCreekLake. Further nutrient loading is also occurring through
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the atmospheric deposition of nitrogen and phosphorus compounds to Cedar Creek Lake and its
watershed.

4. ALLOCATION OF PO LLUTANT REDUCTION RESPONSIBILITY

Phosphorus and nitrogen arelguiting nutrients inCedarCreekLakeand as suchboth
phosphorus and nitrogen will both be allocated under this TMDd_address thsiltation
impairment a Secchi deptharget of 0.9m will be met by allocating sediment loads under this
TMDL.

Nutrients: The lake model utilized for the development of tiokrientTMDL was BATHTUB.
BATHTUB is an empirical receiving water quality model, that was developed by the Uny. Ar
Corps of Engineers (Walker, 1996), and has been commonly applied in the nation to address
many TMDLs relating to issues associated with morpérically complex lakes and servoirs
(Mankin et al., 2003; Wapet al., 2005).CedarCreekLakewas consideed one segment foné
BATHTUB model Atmospheridotal nitrogen was obtained from the Clean Air Status and
Trends Network CASTNET), which is available at http://www.epa.gov/castnet. The CASTNET
stationfrom the Konza Prairie (KS) was used to estintiéeatmospheric TN concentration for
the model. Total phosphorus atmospheric loading was estimated using the 1983 study of Rast
and Lee. Water quality datarfthe main basin segment was averaged usin388, 1998,

2002, 2006, 2009 and 20#ata fromKDHE (LM04070). Model input data fothe tributary
CedarCreek was estimatdaly adjustingributary nutrient inputs in the BATHTUB model until

the current condition in the lake was generated upon running the niddelresulted in

tributary inputs foicCedar Creek of 31g/L of total phosphorus and 1,786/L of total

nitrogen Annual flow forCedar Creek was estimated atBBnt/year based on the 192012
calculated aerage flow 0f33.8cfs (Table §. The BATHTUB model was calibrated fQedar
Cre&k Lakeand resultgAppendixA) estimate that the lake retaib®% of the TP and 8% of

the TN load annuallyBased on modeling resulthie combined reduction of TP and TN results
in reaching the chlorophy#l endpointmore readilythan reducing TP alon&igurel14). Hence,

an 80 reduction of TP and 69% reduction off N within the inflowto CedarCreekLakeare
necessary to achieve the TMDL endpoint oL of Chlorophylla within CedarCreekLake

Table 8. Current condition nutrients in Cedar Creek and Cedar Creek Lake.

Parameter Concentration or Load
Cedar Creek Total Phosphorysy(L) 310
Cedar Creek Total Nitrogepd/L) 1,786
Average Flow irCedar Creek (hifyear) 30.2
Current Total Phosphorus Load (Ibs/year) 20,673
Current Total Nitrogen Load (lbs/year) 121,256
Current Daily Total Phosphorus Load (Ibs/day 112
Current Daily Total Nitrogen Load (Ibs/day)* 836

*See AppendidB for Daily Load Calculations
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Figure 14. Changes irchlorophyllalevels in relation to watershed nutrient reduction.
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Siltation: Siltation loading comes predominantly from nonpoint source pollution. Based on the
soil characteristics of the watershesierland runoff can easily carry sediment to the stream
segments and eventually to the lake. Though Kansas does not have numeric water quality
criteria from inorganic turbidity associated with soil/sediment particles (often referred to-as non
algalturbid t y) , A Br desveddrons1932002 statewide lake monitoring (Carney,
2003) were utilized as a guideline to the appearance of low water clarity as a resulabgaion
turbidity. To achieve full supportatus,a Secchi deptlof 0.9 mis the frget for addressing the
siltation portion of this TMDL with reductions focused on the total suspended solids entering the
lake. An estimate of theediment being deposited in the lake was calculated by first calculating
theamount of sediment exiting theke usinghe lake capacity provided by the 2009 KBS
Bathymetric survey, lake retention tinrendrecent TSS average concentratidine sediment

exiting the lake is calculated to be:

Tons of Sediment/Year Exiting Cedar Creek Lake = [Lake Volume §¢a4%)]*[TSS
(15.0 mg/L)]*[Lake Retention Time (365 days/retention time (43.8 days))]*[Unit
Conversion Factors (1,233,482 L/ (2.204 1bs/1,000,000 mg)*(1 ton/2000 Ibs)]

= 757 tons of sediment exiting Cedar Creek Lake annually

Assuming a 90%rapping efficiency of the lake, the annual amount of sediegmndrted
from the watershetb the lakeannually is calculated to be
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757 tons/year exiting / 0.1 (assumes a 90% trapping efficiency)
= 7571tons of sediment exported from the watexd annually

Subtracting the sediment exiting the lake from the total tons of sediment exported from
the watershed results in tons of sediment deposited iakbannually:

7,571tons (exported annually from watershéd)
757 tons (exiting the ke annually)

= 6,814tons of sediment deposited annually in Cedar Creek Lake

Table 9. Current condition sediment retention@edar Creek Lake.

Parameter Cedar Creek Lake
LM040701

Volume (acrefeet) 4,456

Retention Time (days) 43.8

Average TSS Concémation (mg/L) 15.0
Trapping Efficiency 90%

Total Sediment Exported from Watershed (tons/ye 7,571
Current Sediment Exiting_ake (tons/year) 757
Current Annual Sediment Retention (tons/year) 6,814
Current Daily Sediment Load (tons/d&y) 46.01

*See AppendipB for Daily Load Calculations

The sediment TMDL wasalculatedn the same manner as the current conditising a target
TSS concentration of 12.3 mgith Cedar Creek LakeThe TSS target of 12.3 mg/L was
developed using the in lake aibnship between Secchi depth and turbidity and turbidity and
TSS concentration as displayed in AppendixT®is reduction in TSS concentration in the lake
results in an 18% reduction in sediment load for a TMDB®Y 3 tons/dayTable 11)

Point Souces: A wasteload allocation isstablished for the discharging wastewater treatment
facility permitted within the watershed. This allocatapplies tahe Welda Sewer District
No.l.and is set at 116 Ibs of total phosphorus and 464 pounds of tobglemitper yeafTable

10). The wasteload allocation is based on discharging at the design flow of 19,000 gpd with a
concentration of 2 mg/total phosphoruand 8 mg/Ltotal nitrogen which are typical
concentrations associated with lagoon systefss wastewater treatment plant will comply

with any future permit limits for nitrogen and phosphorus. The wasteload allocation for total
suspended solids (TSS) is 46G8unds per year, based on the current monthly average TSS
limit of 80 mg/L, which is in phce for this facilityTable 1). The established wasteload
allocation is conservative as actual flow originating from this facility is not reported and the
current wasteload is likely les®\ wasteload allocation of zero is applied to the-d@thargimy
guarry in the watershed.

Nonpoint Sources: Nonpoint sources atée primary contributors for the nutrient and sediment

input and impairment in Cedar Creek Lake. Background levels may be attributed to nutrient
recycling and leaf litter. The assesst&unggests that runoff transporting nutrient and suspended
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sediment loads associated with animal wastes and fertilized cultivated cropland and pastureland
is contributing to siltation and eutrophication in the lake. Nutrient load allocations were
calculaed using the BATHTUB model (Appendix A). Sediment loads wafteulated using the
average iflake TSS concentration and lake trapping efficiency while the neesgtbad

reduction was based on tredationships betweehSS and Secchi depth (Appendix C).

Table 10. Cedar Creek Total Phosphorus and Total NitrogeiL

Description Allocations Allocations
(Ibs/year) (Ibs/day)*
Total Phosphorus Atmospheric Load 33.1 0.178
Total Phosphorus Wasteload Allocation 116 0.318
Total Phosphorus Nonpoint Sourcedd Allocation 3,596 19.71
Total Phosphorus Margin of Safety 416.1 2.24
Total Phosphorus TMDL 4,161.2 22.446
Total Nitrogen Atmospheric Load 2,344.6 1617
Total Nitrogen Wasteload Allocation 464 1.27
Total Nitrogen Nonpoint Source Load Allocation 31,419.5 218.6
Total Nitrogen Margin of Safety 3,803.1 26.23
Total Nitrogen TMDL 38,031.2 2623
*See Appendix B for Daily Load Calculations
Table 11. Cedar Creek Total Suspended Solidi4DL
Description Allocations Allocations
(tongyear) (tondday)*
Total Suspended Solids Wasteload Allocation 2.3 0.006
Total Suspended Solids Nonpoint Source Load Allocat 5,5853 33.95
Total Suspended Solids Margin of Safety 620.8% 3.773
Total Suspended Solids TMDL 6,2085 37.73

*See Appendix B for Daily Load Qeulations

Defined Margin of Safety. The margin of safety provides some hedge against the uncertainty
of variable annual total phosphorus and total nitrogen loads and the chlowehgfboirt and

the variable annual sediment load and the Secchi daegpomt. Therefore, the margin of safety
is explicitly set at 10% of thtal dlocations for total phosphorusttl nitrogen and total
suspended solidsshich compensatdsr the lack of knowledge about the relationship between
the allocated loadingsd the resulting water quality. The marginsafety for TP and TN is
2.24bs/day an®6.23lbs/day, respectivelyhile the margin of safety for TSS3s773

tons/dayas indicated in Tab$l10 and 11

State Water Plan Implementation Priority: BecauseCedar Creek Lakbas a regional benefit
for recreatiorand because there is an intake on Cedar Goeeked about three miles
downstream from the lake daimat the City of Garnett uses for drinking wagapply, this
TMDL will be aHigh Priority for implementation.
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Unified Watershed Assessment Priority Ranking This watershed lies within tHépper
Marais des Cygndasin (HUC 8: 1020101 with a priority ranking ob (High Priority for
restoration work).

Priority HUC 12: The lower portion of the watdred is made up of the entire HUC 12
102901010506 while the lakand its surrounding arglées within a portion (~ 30%) of HUC 12
102901010507 TheKBS bathymetric surveindicatesheavysiltation occurringon the south
end of the lake where Cedar Cramkers the lake indicating loading occurradlgng Cedar
Creek hencehe priaity HUC 12 will be 10290101506 focused on the riparian areas along
Cedar Creek.

5. Implementation

Desired Implementation Activities: There is a very good potential that agriatél best
management practices will improve the condition of Cedar Creek Lake. Some of the
recommended agricultural practices area as follows:

1.

4.
5.
6

7.

Implement soil sampling to recommend appropriate fertilizer applications on cultivated
cropland.

2. Maintain canservation tillage and contour farming to minimize cropland erosion.
3.

Promote and adopt continuous-ilbcultivation to increase the amount of water
infiltration and minimize cropland soil erosion and nutrient transports.

Install grass buffer strips alorsreams and drainage channels in the watershed.

Reduce activities within riparian areas.

Implement nutrient management plans to manage manure land applications and runoff
potential.

Adequately manage fertilizer utilization in the watershed and implemeaffrcontrol
measures.

Implementation Program Guidance:

Watershed Management Prograni KDHE
a. Supportselected Section 319 project activities including demonstration projects
and outreach efforts dealing with erosion, sediment control and nutrient
managenent
b. Provide technical assistance on practices geared to the establishment of vegetative
buffer strips.
Provide technical assistance on nutrient management in the vicinity of streams.
Incorporate the provisions of this TMDL into WRAPS documents relating
CedarCreekLake

e o

Water Resource Cost Share and Nonpoint Source Pollution Control
Programs’i KDA Division of Conservation
a. Apply conservation farming practices and/or erosion control structures, including
no-till, terraces and contours, sediment cohlbrasins, and constructed wetlands.
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b. Provide sediment control practices to minimize erosion and sediment and nutrient
transport.
c. Re-evaluate nonpoint source pollution control methods.

Riparian Protection Program i KDA Division of Conservation
a. Establish, potect or reestablish natural riparian systems, including vegetative
filter strips and stream bank vegetation.
b. Develop riparian restoration projects.
c. Promote wetland construction to assimilate nutrient loadings.

Buffer Initiative Program 1 KDA Division of Conservation
a. Install grass buffer strips near streams.
b. Leverage Conservation Reserve Enhancement Program to hold riparian land out
of production.
Extension Outreach and Technical Assistancie Kansas State University
a. Educate agricultural producers on ise€ent, nutrient and pasture management.
b. Educate livestock producers on livestock waste management and manure
applications and nutrient management planning.
c. Provide technical assistance on livestock waste management systems and nutrient
management planning.
d. Provide technical assistance on buffer strip design and minimizing cropland
runoff.
e. Encourage annual solil testing to determine capacity of fields to hold nutrients.

NPDEST KDHE
a. Ensure any future NPDES permits in the watershed do not discharge excessive
nutrients or TSS to streams above Cedar Creek Lake.

Time Frame for Implementation: Initial implementation will proceed over the years from
20132021 Additional implementation may be required over 2@230 to achieve the
endpoints of this TMDL.

Targeted Participants: Primary participants for implementation will be agricultural producers
within the CedarCreekLakewatershed. A detailed assessment of sources conducted @@er 20
2014 should include local assessments by conservation district persmtheountypublic
worksto survey, locate, and assess the following within the lake drainage area:

1. Total row crop acreagend fertilizer application rates,

2. Cultivation alongside lake

3. Livestock use of riparian areas

4. Fields with manure applications

Mil estone for 20%: In accordance with the TMDL development schedule for the State of
Kansas, the year 20Inarks the next cycle of 303(d) activities in tlarais des Cygnes River
Basin. At that point in timegdata from 20% at site LMG10701at CedarCreekLakewill be
reexamined to assess improved conditions in the lake.
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Delivery Agents: The primary delivery agents for program participation will be the Kansas
Department of Health and Environment, Kensas Department of Agriculture Division of
Consenration, the Natural Resources Conservation Service, the Kandad Biiaersity
Extension Service and the Anderson County Conservation DisRBroducer outreach and
awareness will be delivered by Kansas State Extension.

Reasonable Assurances:
Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollutants and to assure allocations of pollutant to point and nonpoint sources can be attained.

1. K.S.A 65171d empowers the Secretary of KDHE to prevent wad#ution and
to protect the beneficial uses of the waters of the state through required treatment
of sewage and established water quality standards and to require permits by
persons having a potential to discharge pollutants into the waters of the state.

2. K.S.A. 21915 empowers thiéansas Department of AgricultureDivision of
Conservationo develop programs to assist the protection, conservation and
management of soil and water resources in the state, including riparian areas.

3. K.AR. 2816-69 to 7limplements water quality protection by KDHE through the
establishment and administration of critical water quality management areas on a
watershed basis.

4. K.S.A 755657 empowers thiéansas Department of AgricultureDivision of
Conservatioro provide inancial assistance for local project work plans
developed to control nonpoint source pollution.

5. K.S.A. 82a901, et. seq. empowers the Kansas Water Office to develop a state
water plan directing the protection and maintenance of surface water quality for
the waters of the state.

6. K.S.A. 82a951 creates the State Water Plan Fund to finance the implementation
of the Kansas Water Plan, including selected Watershed Restoration and
Protection Strategies.

7. The Kansas Water Plan and tlarais Des CygneBasin Pan provide the
guidance to state agencies to coordinate programs intent on protecting water
guality and to target those programs to geographic areas of the state for high
priority in implementation.

8. K.S.A. 32807 authorizes the Kansas Department of Wédiind Parks to manage
lake resources.

Funding: The State Water Plan Fund annually generatesl8l@illion and is the primary

funding mechanism for implementing water quality protection and pollutant reduction activities
in the state through tHeansasWater Plan The state water planning process, overseen by the
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Kansas Water Office, coordinates and directs programs and funding toward watersheds and
water resources of highest priority. Typically, the state allocates at least 50% of the fund to
programssupporting water quality protection. Additionally, $2 million has been allocated

between the State Water Plan Fund and EPA 319 funds to support implementation of Watershed
Restoration and Protection Strategidis watershed and its TMDL aseHighpriority

consideration for funding.

Effectiveness: Nutrient control has been proven effective through conservation tillage, contour
farming and use of grass waterways and buffer strips. In addition, the proper implementation of
comprehensive livestock wastnanagement plans has proven effective at reducing nutrient
runoff associated with livestock facilities. The key to success will be widespread utilization of
conservation farming and proper livestock waste management within the watershed cited in this
TMDL.

8. MONITORING
KDHE will continue its 3year sampling schedule in order to assess the trophic staeslaf
CreekLake Based on the sampling results, 303(d) listingwill be evaluated in 222. Should
impairment status continue, the desired endpainder this TMDLmaybe refined angampling
conducted over the period 202026 to assess progresstins implementation

9. FEEDBACK

Public Notice: Draft TMDLs for the Marais des Cygnes River Basin were made available
through the active Internet Wetesatwww.kdhe.gov/tmdbn May 1, 2013.

Public Hearing: A Public Hearing was held May 23, 2013 in Ottawa to receive comment on
this TMDL. Public comments for this TMDL were held open from May 4 through Juz{@13,
No comments were receivéar this TMDL.

Basin Advisory Committee: The Marais des Cygnes River Basin Advisory Committee met to
discuss these TMDLs on September 14, 2012 in Fort Scott.

Milestone Evaluation: In accordance with the TMDL developnteschedule for the State of
Kansas, the year 2017 marks a future cycle of 303(d) activities in the Marais des Cygnes Basin.
At thatpointin time, sample data from Cedar Creek Lake will be reexamined to assess improved
conditions in the lake. Should thmpairment remain, adjustments to source assessment,
allocation and implementation activities may occur.

Consideration for 303d Delisting: CedarCreekLakewill be evaluated for delisting under

Section 30®&), based on the monitoring data o2€12-2021. Therefore, the decision for

delisting will come about in the preparation of the2803(d) list. Should modifications be

made to the applicable water quality criteria during the implementation period, consideration for
delisting, desired endpoint$ this TMDL and implementation activitieeraybe adjusted

accordingly.
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Incorporation into Continuing Planning Process, Water Quality, Management Plan and

the Kansas Water Planning ProcessiUnder the current version of the Continuing Planning
Process,ite next anticipated revision would come iri20which will emphasize

implementation of WRAPS activities. At that time, incorporation of this TMDL will be made
into the WRAPS.Recommendations of this TMDL will be considered in the Kansas Water Plan
implementation decisions under the State Water Planning Process for Fiscal Y&a2§201

Develope®/10/13
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Appendix A. BATHTUB Model Summary

Model Inputs
Case DataCedarCreekLake

Global Variables Mean cv
Averaging Pedod [yrs) 1 0.0
Precipitation (m) 0938 0.2
Evaporation (m}) 1237 0.3
Storage Ingrease (m) 1] 0.0
Atmos. Loads (ka/km® Mean o
Conserv, Substance 0 000
Tatal P 10 0.10
Total N 709 0.05
Ortha P 10 010
Inarganic M El] .05

Segment Morphometry

Outflow Area Depth  Length Mixed Depth (mj)

Seg  Name Segment  Group km? m km  Mean

1 Cedar Creek Lake a 1 15 239 4.75
Segrment Observed Watker Quality

Conserv Total P (ppb) Total N (ppb) Chka(ppb)

Sea Mean ov Mean GV Mean v Mean

1 1 1 104 0.3 1345 05 5.2
Segment Calibration Factors

Disparsion Rate Total P (ppb) Total M (ppb) Chia (ppb)

Seg Mean LV Mean C¥  Mean LV Mean

1 1 a 1 a 1 a 1
Tributary Data

Dr Area  Flow (hmyr) Conserv.

Trib  Trib MName Segment  Type k' Mean o

1 CedarCr 1 1 167.8 302 0.1
Model Cosfficients Mean cv
Dispersion Rate 1.000 070
Taotal Phosphorus 0.996 045
Total Nitrogen 0.611 055
Chl-a Model 1.358 026
Secchi Model 1.100 0.10
Organic N Model 0.B80 012
TP-OP Model 1,000 015
HODv Model 1.000 015
MODv Model 1.000 0.22
Secchi/Chla Slope [m ¥ mg) 0.025 000
Minimum Qs (myfyr) 0.100 000
Chl-a Flushing Term 1.000 000
Chl-a Tempaoral CV 0.620 Q
Avail. Factor - Total P 0.330 a
Avail. Factor - Ortho P 1.930 o
Avail, Factor - Total N 0.590 0
Avall, Factor - Inorganic N 0,790 a

Model ions
Consenvative Substance
Phospharus Balance
Mitrogen Balance
Chlarophyll-a

Seochi Depth
Dispersion

Phosphorus Calibration
Nitrogen Calibration
Error Analysis
Availability Factors
Mass-Balance Tables
Output Destination

NL—IGI—DI—!L—II—DI—!L—IHNG|§

Secchi (m)

Secchi (m)

Description
NOTCOMPUTED

2ZND ORDER, DECAY
2ND ORDER, DECAY

P, M, LIGHT, T

W5, CHLA & TURBIDITY
FISCHER-NUMERIC

LV Mean
0 1

Total P (ppb) Total N (ppb)

Mean oV

310 05

Organic N (ppb) TP - Ortho P (ppb) HOD (ppbiday)

oy
0

DECAY RATES

DECAY RATES

MODEL & DATA

IGNORE

USE ESTIMAT ED CONCS

EXCEL WORKSHEET

Internal Loads { mg/m2-day)

Hypol Depth Non-Algal Turb(mi’) Conserv. Total P

oy Mean cv Mean oy Mean oy Mean
0 0 0 0 0
Organic N (ppb)  TP-Ortho P (ppb)  HOD (ppbiday)
LV Mean LV Mean LV Mean
0.6 867 03 0 0

LV Mean LV Mean
o1 0

Ortho P (ppb) Inorganic N (ppb)
Mean cv Mean
775 05 750

MOD (ppbiday)

MOD (ppbiday)

29



Model Outpufi Current Condition
DiagnosticsCedarCreekLake

Segment:

Variable

TOTALP MG/M3
TOTALN MG/M3
C.NUTRIENT MG/M3
CHL-A  MG/M3
SECCHI M
ORGANIC N MG/M3
TP-ORTHO-P MG/M3
ANTILOG PC-1
ANTILOG PC-2
(N-150)/P
INORGANIC N/ P
TURBIDITY 1/M
ZMIX * TURBIDITY
ZMIX [ SECCHI
CHL-A * SECCHI
CHL-A/TOTALP
FREQ(CHL-a=10) %
FREQ(CHL-a=20) %
FREQ(CHL-a=30) %
FREQ(CHL-a=40) %
FREQ(CHL-a>50) %
FREQ(CHL-a>60) %
CARBLSON TSI-P
CARLSON TSI-CHLA
CARLSON TSI-SEC

1 Cedar Creek Lake
Predicted Values--->
Mean CV  Rank
104.0 0.45 B80.5%
1345.0 0.41 67.7%
71.9 0.32 80.9%
35.2 043 95.7%
0.6 035 22.7%
905.4 0.33 B9.8%
80.4 0.32 B5.0%
1265.4 0.53 B89.5%
10.5 0.41 82.2%
11.5 0.64 28.3%
18.6 243 31.9%
0.9 0.80 B8.0%
2.7 0.81 41.5%
4.7 0.36 49.6%
21.5 0.57 85.4%
0.3 0.50 80.5%
95.7 0.07 95.7%
72.6 0.32 95.7%
47.9 0.58 95.7%
30.3 0.81 957%
18.0 1.00 95.7%
121 117  95.7%
711 0.09 80.5%
65.5 0.06 95.7%
67.1 0.08 77.3%
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Observed Values---=

Mean Ccv
104.0 0.30
1345.0 0.50
71.9 0.40
35.2 1.90
0.6 0.60
867.0 0.70
78.0 0.30
1247.0 1.13
10.4 1.37
11.5 0.63
18.4 2.39
0.9 0.80
2.7 0.81
4.8 0.59
21.5 1.99
0.3 1.92
95.7 0.28
72.6 1.36
47.9 2.51
30.3 3.52
19.0 4.40
12.1 5.16
71.1 0.06
65.5 0.28
67.1 013




Model Outpufi Current Condition
Overall Water and Nutrient Balancésedar Creek Lake

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period= 1.00 vyears
Area Flow Variance CV  Runoff
Trb Type Seq Name km®>  hmYyr  (hm3yn® - myr
1 1 1 CedarCr 167.8 30.2 9.12E+00 0.10 0.18
PRECIPITATION 1.5 1.4 7.92E-02 0.20 0.94
TRIBUTARY INFLOW 167.8 30.2 9.12E+00 0.10 0.18
***TOTAL INFLOW 165.3 31.6  9.20E+00 0.10 0.19
ADVECTIVE OUTFLOW 165.3 298  9.51E+00 0.10 0.18
***TOTAL OUTFLOW 165.3 298 9.51E+00 0.10 0.18
FEFEVAPORATION 19 3.10E-01 0.30
Overall Mass Balance Based Upon Predicted Outflow & Reservoir Concentrations
Component: TOTALP
Load Load Variance Conc Export
Trb Type Seq Name kaiyr %Total (ka'yr)®  %%Total cv mgm?® kgkm¥yr
1 1 1 CedarCr 9352.0 99 8%  2.28E+07 100.0% 0.51 310.0 55.8
PRECIPITATION 15.0 0.2%  2.25E+00 0.0% 0.10 10.7 10.0
TRIBUTARY INFLOW 9362.0 99.8% 2.28E+07 100.0% 0.51 310.0 558
*E*TOTAL INFLOW 9377.0 100.0% 2.28E+07 100.0% 0.51 296.7 554
ADVECTIVE OUTFLOW 3094.2 33.0% 2.04E+06 0.46 104.0 183
FEFTOTAL OUTFLOW 3094.2 33.0% 2.04E+06 0.46 104.0 183
FEFRETENTION 6282.8 67.0% 1.55E+07 0.63
Overflow Rate {m/yr) 19.8 Mutrient Resid. Time (yrs) 0.0482
Hydraulic Resid. Time (yrs) 0.1462 Turnover Ratio 20.7
Reservoir Conc (mg/m3) 104 Retention Coef. 0.670
Overall Mass Balance Based Upon Predicted Outflow & Reservoir Concentrations
Component: TOTAL N
Load Load Variance Conc Export
Trb Type Seq Name kayr  %Total (ka/yr)® %Total cv mgm® kakm¥yr
1 1 1 CedarcCr 53537.2 98.1% 7.56E+08 100.0% 051 1786.0 3214
PRECIPITATION 1063.5 1.9%  2.83E+03 0.0% 0.05 755.9 709.0
TRIBUTARY INFLOW 53937.2 98.1%  7.56E+08 100.0% 051 1786.0 3214
*E*TOTAL INFLOW 55000.7 100.0% 7.56E+08 100.0% 0.50 1740.1 3249
ADVECTIVE QUTFLOW 40015.8 72.8%  2.89E+08 0.43 1345.0 236.4
FEFTOTAL OUTFLOW 40015.8 72.8% 2.80E+08 043 1345.0 2364
FEFRETENTION 14584.9 27.2% 1.70E+08 0.87
Overflow Rate {m/yr) 19.8 Mutrient Resid. Time (yrs) 0.1064
Hydraulic Resid. Time (yrs) 0.1462 Turnover Ratio 9.4
Reservoir Conc (mg/m3) 1345 Retention Coef. 0.272
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Model Outpufi 80% TP ands9% TN Reductions at Inflow
Case DataCedarCreekLake
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